Other Livestock (List type and average # head through year)
We are asking about livestock to better understand the nutrient balance on their farm, and to open up the conversation to potential farm-level actions related to manure use.
6. Are there additional whole-farm actions you would like us to look into and you would consider doing to reduce farm phosphorus runoff? We studied 6 years of pixel-level rotations developed in ArcGIS as a combination of 6 CDL layers. We used the frequency of corn (C), soybean (S), and wheat (W), along with the most common order they appear in rotation, to design 2 realistic rotations of CS and CSW. We looked at the trends in fertilization of corn, soybeans, and wheat to determine if there were any trends to apply in the study period USDA NASS animal counts were used along with methods form Ruddy et al. (2006) to determine the total amount of manure generated per county. This was areaweighted to the RRW area and then CAFO locations were used to determine distribution of manure.
Tillage by crop type
Conservation Technology Innovation Center (CTIC) database (http://www.ctic.purdue.ed u/)
We used the previously-purchased CTIC data for most Maumee counties for the period around 2005 to estimate the percent of corn, soybeans, and wheat managed with conventional tillage and no-tillage. Then we applied these portions of crop tillage to the management files for each crop rotation so that, across the watershed and across rotations, tillage would be similar to what farmers are really doing in their fields. We also chose to incorporate phosphorus applications soon after tillage in each rotation to assume farmers are doing fairly 'good' practices whenever possible. We also randomly simulated subsurface application of some P across HRUs. Tile Drains Estimated based on SSURGO drainage class definitions.
Tile drains were simulated using the new tile drainage routines based on DRAINMOD equations on all cropland acres with very poorly, poorly, and somewhat poorly drained soils. Existing BMPs Conservation tillage was estimated from the CTIC (see above) and it was assumed that (%) of P fertilizer applications were incorporated. Other BMPs including filter/buffer strips and cover crops were not included in the baseline model due to lack of access to data. All cropland that was characterized by poor soil drainage by the U.S. SSURGO soils data was assumed to have subsurface drainage. Figure S1 shows the distribution of this estimate across the Maumee watershed and several nearby tributaries to Lake Erie. Figure S1 . Result of the estimate of tile drained land for several watersheds draining to Lake Erie. Cropland with predominantly poorly, very poorly, or somewhat poorly drained soils was estimated to be drained with subsurface drains. Figure S2 . Location of reservoirs in RRW, highlighting which reservoirs were included in the final SWAT model.
Distribution of crop rotations
Recent estimates of crop rotations were derived from overlaying datasets for the available years (2007) (2008) (2009) (2010) (2011) (2012) of the National Agricultural Statistics Service Cropland Data Layer (CDL). First the rasters were reclassified so that corn, soybean, and wheat were given the values 1, 2, and 3, respectively. Then the rasters were added so that the digit for year 2007 was in the front, followed by the digits for 2008, 2009, etc.: CDL_summed = 100000*CDL2007 + 10000*CDL2008 + 1000*CDL2009 + 100*CDL2010 + 10*CDL2011 + 1*CDL2012
All rotations that covered at least 0.1% of all the watershed area were labeled with their crop rotation names 'C' for corn, 'S' for soybean, and 'W' for winter wheat. Next, crop rotations that were the same were combined into one category (i.e., CSCSCS and SCSCSC were combined into a "Corn-Soybean" rotation category). Finally, for each we determined the number of years in corn, soybean, and wheat, and calculated a percentage of the time a given ratio each crop is in all rotations.
The most common rotations in the watershed were simple corn-soybean rotations, followed by combinations of soybean, corn, and wheat. The top three rotations were used in subsequent calculations, however the constraints (e.g., maintaining % wheat in watershed, % rotations wheat) were met easily using only the top two most common rotations. Therefore, only the top two rotations were utilized for characterizing the management in the RRW. Using those two rotations, and two constraints, we calculated the extent of each of the rotations (Table S2 ). 
Application of fertilizers and manures

Inorganic fertilizer estimations
We estimated county-level farm fertilizer applications based on Ruddy et al. (2006) . Additionally, for comparative purposes we extracted the USDA ERS application rates per crop (Table S3 ). 
Manure estimations
The National Agricultural Statistics Service (NASS) provides estimates of the number and types of animals that exist in a county. This data was retrieved for all counties within the RRW: Hillsdale, Jackson, Lenawee, Monroe, and Washtenaw counties in Michigan, and Fulton county in Ohio (NASS 2002; NASS 2007) . The data retrieved included the amount of county acres in farmland, as well as the numbers of livestock and poultry. Next, these data were used along with the methods outlined in Ruddy et al. (2006) to estimate the amount of nitrogen and phosphorus produced from the manure of animals within each county. The values for 1997 were compared with output published from Rudy et al. 2006 for each of the counties to ensure correct calculations. The biggest change seen in these counties is the decline in the number of hogs and pigs between the 1997 and 2007 censuses. Some counties have seen increases in the total number of cattle and some have seen decreases. The number of poultry, sheep and lambs, and horses and ponies has remained relatively consistent between the three censuses.
Determining amounts applied per crop
The total amounts of manure generated and fertilizer sold in each county were apportioned to the total acres of corn, soybeans, and wheat in the watershed to determine rates of application (Table S4) . Table S4 . Estimated application rates of nitrogen and phosphorus for corn, soybeans, and wheat assuming they are the only three crops in the RRW based on total amounts of manure and fertilizer nutrients. Numbers in parenthesis are in lb/acre. (82) 22 (20) 16 (14) 18 (16) 2002 224 (200) 0 (0) 105 (95) 21 (19) 15 (13) 18 (16) Determining which sub-basins receive manure There are 14 confined animal feeding operations (CAFOs) near the River Raisin Watershed ( Figure S3 ). Because all but one of these CAFOs are swine and dairy which produce liquid manure, it was assumed that manure applications were concentrated around the CAFOS. Hatfield and Stewart (2002) indicate that a majority of manure, especially non-poultry manure, is applied within a few miles of where it is produced, therefore we chose to apply manure only to sub-basins that were within 5 miles of a CAFO. Therefore, in sub-basins within five miles of a CAFO, a portion of the applied N and P came from manure, though the application rates were maintained at the levels in Table S4 in order to conserve the mass balance of N and P in the watershed. Figure S3 . RRW sub-basins that are within a 5-mile radius of any CAFO or swine CAFO. Sub-basins within the distance of swine and dairy/heifer received both kinds of manure and those within range of only dairy CAFOs only received dairy manure.
Comparing nutrient input estimates with published values
In order to check the validity of the application rates, the numbers generated here were compared to Han et al. (2012) reported phosphorus numbers. They estimated that in the 2000s (around the time period of our model setup), between 500-750 kg-P/km 2 -yr were applied to the land in RRW as fertilizer, and 100-200 kg-P/km 2 -yr were applied to RRW as manure. To see how these numbers compare to estimates derived in this report, we took the average P application rate estimated (18kg/ha) and multiplied that number by the total amount of agricultural lands in RRW. Then, we divided by the total area of RRW to match Han et al. (2012) . This calculation gave an estimate of 8.8 kg/ha-yr (880 kg/km 2 -yr) of phosphorus added to the RRW from both fertilizer and manure. We used the average percent of phosphorus applied as manure in RRW counties (22.5%) to separate into fertilizer and manure, which gave an estimate of 6.9 kg/ha-yr of P from fertilizer (690 kg/km 2 -yr) and 1.9 kg/ha-yr of P from manure (190 kg/km 2 -yr). Both of these values are within the range estimated by Han et al. (2012) , demonstrating the validity of the phosphorus estimates used in the model. Table S5 shows a summary of the number, area, and percent of agricultural lands that had specific rotations, manure applied, and subsurface P applications. All management was randomly applied to HRUs except the targeted application of manure to areas near CAFOs: Forty model parameters were updated during calibration to improve model performance (Table S6 ). Rows highlighted in red indicate a sub-model choice, not a calibrated parameter; * indicates that the value was changed only on tile-drained lands; † indicates that the value was changed using a percent change and is therefore not an absolute value. Figure S4 . Daily streamflow time series (top), flow-duration curve (middle), and cumulative plot (bottom) for calibration time period (2001) (2002) (2003) (2004) (2005) . Figure S5 . [2001] [2002] [2003] [2004] [2005] . Jan-01 Jan-02 Jan-03 Jan-04 Jan-05 Jan-06 0 Jan-06 Jan-07 Jan-08 Jan-09 Jan-10 Jan-11 0 100 Jan-06 Jan-07 Jan-08 Jan-09 Jan-10 Jan-11 0 Jan-06 Jan-07 Jan-08 Jan-09 Jan-10 Jan-11 0 100 Jan-06 Jan-07 Jan-08 Jan-09 Jan-10 Jan-11 0 Cumulative total nitrogen loads (kg) for days with measured data
Summary of Crop Rotation Details
Total phosphorus daily load time series (top left), daily concentrations (bottom left), load duration curve (top right), and cumulative plot (bottom right) for calibration period (
SWAT simulated Measured
Additional Calibration & Validation Statistics
Manual calibration was performed at the daily scale by comparing observed data at the outlet from the National Center for Water Quality Research (https://www.heidelberg.edu/academics/research-andcenters/national-center-for-water-quality-research) to simulated data from the model. Daily, monthly, and annual statistics for streamflow (Table S7 ) and daily and monthly statistics for sediments and nutrients (Table S8 & Table S9 ) are provided below. 
HRU Filling Process
The steps used to "fill-in" the lumped HRU shapefile with the most similar HRU ID was as follows: 1. Overlay the land use, soil slope and original HRU shapfile from ArcSWAT output. 2. Use the following criteria to select the best HRU ID from all original HRUs: a. If the area of land is already explicitly modeled by a SWAT HRU (e.g., has the same soil, slope, and land use), use the same HRU as originally used by SWAT. b. If an HRU with the same combination of land use and soils cannot be found in SWAT HRU shapefile within the same subbasin, but it can be found within the watershed, the HRU with the closest mean slope (based on absolute difference), and same land use and soils will be assigned. c. If an HRU with the same combination of land use and soil could not be found in the watershed at all, the HRU with the same land use and closest slope was assigned. d. If there was no original soils data available, the HRU with the same land use and closest slope was assigned. Figure S19 . The HRU shapefile before (left) and after filling (right). Before: After:
Individual Farm Details & Results
The tables below provide physical characteristics, management details, and field-level results for each farm included in the pilot phase. For practice abbreviation references, see Table 1 in the manuscript. > Soil drainage classes: well drained (1%), moderately drained (30%), somewhat poorly drained (58%), very poorly drained (11%)
Farm ID A
Total Acres 156
# Fields 6
Generalized
> Soil particle size: mix of fines, fine-loamy, and coarse-loamy
Scenarios of
Interest > cover crops (cereal rye, oats)
> subsurface application of P > using wheat in rotation as cover crop 
